APPENDIX B
COMPUTER CODE FOR THE SIMULATION PROCEDURE

This appendix describes the computer code used to implement the cost-effectiveness
analysis described in the case study (Chapter 6). Specifically, this code computes QALY costs
and health event counts using Equation 6-7. The computer code computes the range of plausible
values for these results and for the cost-effectiveness ratio using Monte Carlo methods that
repeatedly assign randomly selected quantities to the parameters on the right side of Equation 6-7
and then compute and record the resulting QALY costs and health event counts.

Appendix B1 reproduces Equation 6-7 and defines al of its component terms. Appendix
B2 then describes how parts of this equation are used to compute health event counts and QALY
costs for specific health event types. Appendix B3 outlines the computer code devel oped to
execute these calculations. Finally, Appendix B-4 reproduces the code used to implement that
Monte Carlo analysis, and provides atable of contents to facilitate location of procedures
(referred to as “macros’ in SAS).

B.1. SUMMARY OF CASE STUDY QALY COST EQUATION AND DEFINITION OF
TERMS

Total QALY costs (TCost) associated with consumption of tap water during the 20-year

analytical time frame are computed as

7 20 18
o 1 o 1 o . .
TCost = ’ — Dr.,. ~ N_AtRisk , = Popsize, ~ AveQCost.
ia=1 (1+ d)0.5 gl (1+ d)]-l 21 i,k —_ i,k p k I,I,
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where

Moxa%g oot QVal; agey+i
AveQCosti, = @ PrLatency;, = PrAlive, ~ @ Lagle)(|

1=0

The indexes for these equations are defined as

i = The index over the 7 health event types considered in this case

study;
j = The index over the 20 year analytical time frame;
k = the index over 18 age cohorts comprising the population (k=1

corresponds to ages 0 to 4, k=2 correspondsto ages 5t0 9, and so
forth, through k=18, which corresponds to ages 85 and above; and

I = The duration of the latency period — i.e., the number of years
between exposure and the manifestation of resulting health effect.

Other terms in Equation 6-7 include

Dr; = The incremental risk of contracting the health effect each time an
individual in this cohort is“at risk” for developing the condition;

N_AtRisk;,, = The average number of times each member of cohort kisat risk for
the health endpoint i;

PopSize, = Thenumber of individualsinthe popul ation bel onging to age cohort
k.

PrLatency,,, = The probability that the latency periodis| yearsfor an event of type
I resulting from exposure while a member of age cohort k;

PrAlive,, = The probability that a member of cohort k will till be aive after a

latency period of | years, and
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QVa eyt = The QALY value of ahedth event of typei for anindividua whose
age is | years greater than the mean age among members of age
cohort k.

B.2. COMPUTATION OF HEALTH EVENT COUNTSAND QALY COSTSFOR
EACH EVENT TYPE
Health event counts were computed by omitting components of Equation 6-7 that weight
these events to reflect their net present value when measured in terms of QALY's. Hence, the

number of events of typei (NumEvents) is

20 18
NumEvents, = 601 601 Dr;,~ N_AtRisk , ~ Popsize,
i=1 k=1

QALY costs for asingle event type (Cost;) are computed by holding event type (i)

constant and omitting the outermost summation in equation 6-7.

20 18
o 1 o) . .
Cost, =9 ——==5 a Dri«~ N_AtRisk , " Popsize,
| j=1 (1+d)’ ' k=1 " ’
MaxAgs- age(k) QVal; e+

a PrLatency, , ~ PrAlive,, ’

1=0

(1+d)’

B.3. PROGRAM EXECUTION OUTLINE
A computer program written in SAS version 6.12 for IBM compatible PCs (SAS, 1990)
implements the Monte Carlo agorithm used to repeatedly compute the outer-most three

summations of Equation 6-7 (i.e., the first equation that appearsin Appendix B1). The code for
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the smulation appears in Appendix B4. The following table outlines the genera execution of this

code. Procedure names are indented below the names of those procedures by which they are

called.

Table B-1

Outline of Code Execution

Macr o (Procedure) See Page Comment
SIMULATE B-15 Top level procedure
INIT_DB B-15 Initializes dataset RESUL TS.SD2 that holds the Monte
Carlo results
ONE_ITER B-16 Executed LOOPNUM (1,000) times, computes event
counts and QALY costs
R_ASSIGN B-16 Randomly assigns values to uncertain parameters.
Values stored in ASSIGN.SD2.
MAINCALC(1) B-16 Calculates event counts and QALY costs for the
baseline technology. Uses parameters in
BENEFITS.SD2. Stores caculations and uncertain
parameter valuesin RESULTS.SD2.
MAINCALC(2) B-16 Calculates event counts and QALY costs for the
supplemental  technology. Uses parameters in
BENEFITS.SD2. Stores calculations and uncertain
parameter valuesin RESULTS.SD2.
SUMMARY B-24 Summarizes Monte Carlo results. CreatesBOTH.SD2,

which contains a single record for each set of random
parameter values; this record has results for both the
baseline and supplemental technol ogies.
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The program uses the following data sets:

RESULTS.SD2 — Contains 2 records for each set of randomly selected parameter
values. Thefirst contains the parameter values, event counts, and QALY costs for
the baseline technology; the second contains the same information for the
supplemental technology.

BOTH.SD2 — Contains asingle entry for each set of randomly drawn parameter
values. Thisdata set is created by combining each pair of corresponding recordsin
RESULTS.SD2.

TECH1.SD2 and TECH2.SD2 — Temporary files used in the process of creating
BOTH.SD2 from RESULTS.SD2.

ASSIGN.SD2 — Temporarily stores all randomly generated parameter values for a
singleiteration of the Monte Carlo simulation (see procedure R_ASSIGN).

BENEFITS.SD2 — Fixed parameters and results for computation of QALY costs
and event counts for each age cohort. The “X’ character that appearsin field
names, such as“NAR _x" and “QPE_x", refersto a string that corresponds to 1 of
the 7 hedlth effects. Theseare: Cal (cancer illness), CaD (Cancer death), Rep
(Reproductive Toxicity), Dev (Developmental Toxicity), Clm (Mild Crypto
iliness), CIS (Moderate to severe Crypto iliness), and CD (Crypto death).
Parameters stored include

. Agegroup — A label indicating the age range of the cohort represented by
each record;

. Tot_TWIN — Total tapwater consumption per day in L/kg-day

. UnhtTWIn — Total unheated tapwater consumption in L/day
. risk_x — The value of Dr;, for health endpoint x.
. N — Fraction of population in this age group

. NAR_x—N_AtRisk;, for health endpoint x.

. QPE_xd — QAveCost;, for discount rate d for health endpoint x. There are
entriesfor d = 3, 4, 5, 6, and 7 percent.

. TotQx — Total QALY sfor age cohort k for health endpoint x. Equals the
following equation:

Dr, .~ N_AtRisk;, ~ Popsize, =~ AveQCost;
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. SUMBEN.SD2 — Temporary data set that contains the event counts and
QALY totals computed by summing over al 18 recordsin
BENEFITS.SD2.
Procedure MAINCAL C implements much of the computation, calculating the number of
health events and the corresponding QALY cost attributable to a single year of exposure

(YCost). Specifically, this routine computes

18
YCost; = 601 Dr.,~ N_AtRisk, , ~ Popsize, © AveQCost; ,
k=1

The MAINCALC routine carries out computations described below. The underlined text
refers to a comment in the program just before the code that executes that task. In reviewing the
code, note that variables with names that start with an ampersand (“&”) are “macro” variables
that are defined within the program (all macro variables are declared near the beginning of the
program). Other variables refer to fieldsin the BENEFITS.SD2 dataset. Each record in this
dataset corresponds to a single age cohort, and there are therefore 18 records in this dataset.

. Crypto Risks: Computes the number of health events experienced by asingle age

cohort due to asingle year of drinking water consumption. Thisvalueisequal to
Dr, .~ N_AtRisk , ~ Popsize,. Hedlth endpointsinclude mild Cryptosporidium
illness, moderate to severe Cryptosporidium illness, and death due

Cryptosporidium infection.

. DBP Risks: Computes the corresponding event counts for DBP-induced illness
(cancer illness, cancer death, developmental toxicity, and reproductive toxicity).

. NPV QALY s per hedlth event: The event counts described in the preceding two
bullets are multiplied by the QAveCost;,. The MAINCALC routine has been
written to use any discount rate between 3% and 7% by interpolating between
values corresponding integral discount rates that are stored as parametersin
BENEFITS.SD2.
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. Sum event counts and QALY costs over age groups: Totals are computed over all
18 age cohorts for both QALY costs and

Procedure SUMMARY creates the dataset BOTH.SD2 (described above). In the process,
it sums event counts and QALY costs over all 20 years of the analytic time frame; it also
1
W. Finaly, SUMMARY scales the results
to reflect the size of the population (it multiplies by & PopSize).

multipliesthe QALY costs by aleading term of
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B.4. SIMULATION CODE

Function Page Description

UniDist B-13 Generates uniform random vaue

LUniDist B-13 Generates log uniform random value

NormDist  B-13 Generates normal random vaue

PNormal B-14 Generates non-negative random vaue

LNDist B-14 Generateslognormal random value

LNDistT B-14 Generates truncated lognormal random value

TrDist B-14 Generatestriangular distributed random value

BetaDist B-15 Generates beta distributed random value

Simulate B-15 Top leve procedure

Init_ DB B-15 [Initializes dataset RESULTS.SD2 that holds the Monte Carlo results

One_lter B-16 Executed LOOPNUM (1,000) times; computesevent countsand QALY costs

R_Assign B-16 Randomly assigns values to uncertain parameters. Vaues stored in
ASSIGN.SD2

MainCac B-21 Cadculates event counts and QALY costs. Uses parameters in
BENEFITS.SD2. Stores calculations and uncertain parameter values in
RESULTS.SD2.

Summary B-24 Summarizes Monte Carlo results. Creates BOTH.SD2, which contains a

single record for each set of random parameter values; this record has results
for both the baseline and supplemental technologies.
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(Rep)
(Dev)
(Cm
(Cl's)
(CD)

For technol ogy 1
For technol ogy 2

and the difference between tech 1 and tech 2
Nat ural unit

Heal th endpoints
(Cal) Cancer
(CaD) Cancer

Repro dysfunction

Devel opnent al

Cryptosporidiummild illness

Cryptosporidi um noderate to severe illness

Crypt ospori di um deat h

khkkhkkhkkhkhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhkhhhkhkkhkhhhhhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkhk*kkkk*kk*k*x*x*x*%x.

counts of cases of each heal th endpoint

consi dered are:
illness
death

di sorders

CE. sas
Conput es
Incremental net present value of technol ogy costs
NPV of QALYs lost due to drinking water-related illnesses

options nonotes nosource nosource2 nosynbol gen nom ogi c nonrecall nonprint;

Location of file containing info for calculation of event counts and NPV QALY cost.;

* See macro maincal c;
|Ii bnane dat apath
"g:\projects\ 773214\ 02010000\ anal ysi s\ data' ;

*

Defi ne constants.
*

Note -

ok % ok X ok

- Before running,
&AI DS =

* Runtine constants;

% et
% et
% et
% et

seed

| oopnum
Al DS
SupHF

* Popul ation size;

* % et
% et

* Pl ant
% et

PopSi ze
PopSi ze

life;
pl ant L

* Discount rate;

% et
% et
% et

drate_|
drate_u
drate

* Per event QALY valu

% et
% et
% et
% et
% et
% et
% et
% et
% et
% et
% et

QCal m |
QCaDm |
Qevm |
QRepm |
QCl mm |
QClsm |
QCDm |
QCal m
QCaDm
Qevm
QRepm
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or 0 (ozone);

make the foll ow ng assignnents:;
1 (AIDS popul ation) or 0 (general
&SupHF = 1 (Hone filters)
Comment out appropriate Popsize val ue;
Comment out appropriate tech costs;

Comment out appropriate renoval

popul ation);

ef ficiency val ues;

0; *Seed to be used in random nunber generator;
5 ; *Nunber of uncertainty |oops to execute;
1; *1 for AIDS, 0 for general population;
1; *1 for home filters, O for ozone;

4. 6e5; *CGeneral popul ation;

429; *Al DS subpopul ati on;

20; *In years;

0. 05; *| ower bound;

0. 05; *upper bound;

0. 050; *Pl ace hol der;

mul tipliers;

50; Bet QCalmu = 2.00; * Cancer illness;

50; % et QCaDm.u = 2.00; * Cancer death;

50; %Bet QDevmou = 2.00; * Devel opnental tox;

50; et QRepm.u = 2.00; * Reproductive tox;

50; Bet QClmmu = 2.00; * MId Crypto illness;

50; et QClsmu = 2.00; * Mbderate to severe Crypto ill ness;
50; %Bet QCDM.uU = 2.00; * Crypto death;

0; * Cancer illness;

0; * Cancer death;

0; * Devel opnental tox;

0; * Reproductive tox;
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% et QClnm = 1.0; Mld Crypto ill ness;
%et QClsm = 1.0; Mbderate to severe Crypto ill ness;
% et QCDm = 1.0; * Crypto death;
* Technol ogy inplementation costs -- ozone suppl enental technol ogy;
* General popul ation.
* AIDS costs calculated by nmultiplying systemcosts by ratio of ;
* AIDS pop size to total pop size (429/460000);
* Use if &AIDS = 0 and &SupHF=0;
* % et T1_Cap = 7.82e7; *Tech 1 General Popul ation capital costs;
* %et T1_Op = 7. 30e6; *Tech 1 General Popul ati on annual operating costs;
* % et T2_Cap = 8. 30e7; *Tech 2 General Popul ation capital costs;
* et T2_Op = 7.70e6; *Tech 2 General Popul ati on annual operating costs;
* Technol ogy inplementation costs -- ozone technol ogy;
* AIDS costs calculated by multiplying Gen pop systemcosts by ratio of ;
* AIDS pop size to total pop size (429/460000);
* Use if &AIDS=1 and &SupHF=1;
* %et T1_Cap = 72930; *Tech 1 AIDS Popul ati on capital costs;
* et T1_Op = 6808; *Tech 1 AIDS Popul ati on annual operating costs;
* % et T2_Cap = 77406; *Tech 2 AIDS Popul ati on capital costs;
* %et T2_Op = 7181, *Tech 2 AIDS Popul ati on annual operating costs;
* Technol ogy inplenmentation costs -- home filter supplenental technol ogy;
* Assumes cap costs of 747.50 per person and op costs of 126.50 per person;
* Use if &SupHF=1;
%et T1_Cap = 0.00 ; *Tech 1 AIDS Popul ati on capital costs;
%et T1_Op = 0.00 ; *Tech 1 AIDS Popul ati on annual operating costs;
% et T2_Cap = 320678; *Tech 2 AIDS Popul ati on capital costs;
et T2_Op = 54269; *Tech 2 AIDS Popul ati on annual operating costs;
* Cryptosporidi um source water conc.;
%et cc_anl = 156. 8; *mean - distribution 1;
% et cc_asdl = 41.3; *std dev - distribution 1;
% et cc_ank = 68.5; *mean - distribution 2;
% et cc_asd2 = 12.7, *std dev - distribution 2;
%et cc_prl = 0.50; *Prob that dist 1 is used;
% et cc = 1, *Pl ace hol der;
* Renpval efficiency - baseline and ozone;
* Use if &SupHF=0;
%et CRL_I = 2.0; *Tech 1 -- Log renoval |ower bound;
%et CRL_m = 2.0; *Tech 1 -- Log renpval nopde;
%et CRL_u = 2.0; *Tech 1 -- Log renoval upper bound;
%et CRL = 2.0; *Tech 1 -- 1og renoval place hol der;
%et CR2_I = 0.0; *Tech 2 -- Increnental |og renoval |ower bound;
%et CR2_m = 0.5; *Tech 2 -- Increnental |og renpval node;
%et CR2_u = 1.5; *Tech 2 -- Increnental |og renpval upper bound;
%et CR2 = 0.5; *Tech 2 -- 1og renoval place hol der;
* Renpval efficiency - honme filters;
* Use if &SupHF=1;
%et CR2_I = 10.0; *Tech 2 -- Increnental |og renoval |ower bound;
%et CR2_m = 10. 1; *Tech 1 -- Increnental |og renpval node;
%et CR2_u = 10. 2; *Tech 1 -- Increnental |og renpval upper bound;
%et CR2 = 10. 1; *Tech 2 -- log renoval place hol der;
* Fraction of tap water that is heated -- uncertainty nultiplier;
% et UnHtMI = 0.8§; *Lower bound;
%et UnH Mu = 1.2; *Upper bound;
% et UnH M =1, *Pl ace hol der;
* Cryptosporidiuminfectivity paraneter;
%et Cnf_gnG = 0.0042; *GM -- Ceneral popul ation;
%et Cinf_gmA = 0.0126; *GM -- Al DS;
% et Cinf_gsd = 1.59; * GSD,
% et Cnf = 0.0042; *Pl ace hol der;
* Cryptosporidium-- conditional probability of mld illness given infection;
% et Clnp_gm = 0. 40; *GM -- Ceneral popul ation;
% et Clnp_gsd = 1.41; *GSD -- Ceneral popul ation;
%et Clnp_lI = 0. 80; *| ow bound -- Al DS;
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%et Clnp_u = 1.00; *upper bound -- AlIDS;

%et Clmp_m = 0. 95; *mode -- Al DS;

%et Clnmp = 1; *Pl ace hol der;
* Cryptosporidium-- conditional probability of npderate to severe illness given
*mld illness;

%et Clsp_gm = 0. 15; *GM -- Ceneral popul ation;

% et Clsp_gsd = 1.41; *GSD -- CGeneral popul ation;

%et Clsp_l = 0. 80; *| ow bound -- Al DS;

%et Clsp_u = 1.00; *upper bound -- AlIDS;

%et Clsp_m = 0. 95; *mode -- Al DS;

%et Clsp = 1; *Pl ace hol der;
* Cryptosporidium-- conditional probability of death given npderate to severe ill ness;

% et CDp_aG =9; * al pha for general population;

% et CDp_bG = 402993; * beta for general population;

% et CDp_aA = 47; * al pha for AIDS subpopul ati on;

% et CDp_bA = 817; * pbeta for AlIDS subpopul ati on;

% et CDp = 2E-5; *Pl ace hol der;
* Cancer illness -- slope factor (L/kg-d)~"-1;

% et SF1Ca = 1, *Pl ace holder -- SF for baseline tech;

% et SF2Ca = 2; *Pl ace holder -- SF for baseline + sup tech;
* Cancer death -- conditional probability of death given cancer ill ness;

% et CaDp_gm = 0. 35; *GM

% et CADp_gsd = 1; * GSD,

% et CADp = 1; *pl ace hol der;
* Reproductive tox -- slope factor (L/kg-d)*-1;

% et SF1Re = 1, *Place holder -- SF for baseline tech;

% et SF2Re = 2; *Pl ace holder -- SF for baseline + sup tech;
* Devel opnental tox -- slope factor (L/kg-d)~-1;

% et SF1De = 1, *Place holder -- SF for baseline tech;

% et SF2De = 2; *Pl ace holder -- SF for baseline + sup tech;

Cancer slope factor distribution paraneters for identified carcinogenic agents;
Di stributions are assumed to be lognormal wth specified GM and GSD statistics;

SF is per unit mass -- i.e., (ng/kg-d)"-1);

%Wet SCGML = 5.70e-3; %et SCnGSD1 = 4.27; * CHBrd 2;
%Wet SCGMR = 7.20e-4; % et SCnGSD2 = 18.05; * CHBr2d;
%et SCGMB = 3.40e-4; %et SCnGSD3 = 6.77; * CHBr3;
Wet SCGWM = 4.10e-2; %et SCnGSD4 = 2.02; * CH

%Wet SCnGVB = 1.40e-3; %et SCnGSD5 = 13.40; * DCA
%Wet SCGVB = 4.90e-2; %et SCnGSD6 = 1.39; * TCA
%et SCGW = 3.20e-1; %et SCnGSD7 = 1.30; * Bronate;
%et SCnGMB = 0.00 ; % et SCnGSD8 = 1.00; * DBA
%et SCnGW = 0.00 ; % et SCnGSD9 = 1.00; * BCA

% et SCnGMLO= 0. 00 ; % et SCnGSD10= 1.00; * MBA

% et SCnGML1= 0. 00 ; % et SCnGSD11= 1.00; * DCAN,

% et SCnGML2= 0. 00 ; % et SCnGSD12= 1.00; * TCAN,

% et SCnGML3= 0. 00 ; % et SCnGSD13= 1.00; * BCAN,

% et SCnmGML4= 0. 00 ; % et SCnGSD14= 1.00; * DBAN,

* Repro slope factor distribution paraneters
Di stributions are assuned to be | ognornal

* SFis per unit mass -- i.e., (mg/kg-d)"-1)
%et SRMGML = 0.00 ; %et SRMGSDL = 1
%et SRMGM2 = 0.00 ; %et SRMGSD2 = 1
%et SRMGMB = 0.00 ; %et SRMGSD3 = 1
%et SRMGW = 0.00 ; %et SRMGSHM4 = 1
%et SRMGVB = 2.50e-2; %et SRAGSD5 = 1
%et SRMGMB = 0.00 ; %et SRMGSD6 = 1
%et SRMGW = 0.00 ; % et SRMGSD7 = 1.
%et SRMGMB = 2.50e-2; %et SRnGSD8 = 1.
%et SRMGW = 2.50e-2; %et SRAGSD9 = 1
% et SRGMLO= 0. 00 ; % et SRGSD10= 1
% et SRnGML1= 0. 00 ; % et SRGSDl1= 1
% et SRnGML2= 0. 00 ; % et SRnGSD12= 1
% et SRmGML3= 0. 00 ; % et SRMGSD13= 1
% et SRnGML4= 0. 00 ; % et SRGSDl4= 1
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for identified reproductive toxins;
with specified GMand GSD stati stics;

00; * cHBrd 2;
00; * CHBr2d;
00; * CHBr3;
00; * CH;

70; * DCA;

00; * TCA;

00; * Bromate;
70; * DBA;

70; * BCA;

00; * MBA;

00; * DCAN,
00; * TCAN,
00; * BCAN,
00; * DBAN,
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* Devel opnent al

Di stributions are assuned to be | ognornal

sl ope factor distribution parameters for

identified devel opnental

with specified GMand GSD stati stics;

k% ok ok ok ok 3k ok % ok X 3k

CHBr d 2;
CHBr 2C1 ;
CHBr 3;

t oxi ns;

distributions for the water treated using the baseline technol ogy;

with specified arithnetic nean (AM and

* SFis per unit mass -- i.e., (nmg/kg-d)~-1);
% et SDnGML = 0. 00 ; % et SDnGSDL = 1.00;
% et SDnGM2 = 0.00 ; % et SDnGSD2 = 1.00;
% et SDnGMB = 0.00 ; % et SDnGSD3 = 1.00;
% et SDnGW = 0.00 ; % et SDnGSD4 = 1.00;
% et SDnGVB = 8.60e-3; %et SDnGSD5 = 1.29;
% et SDGMB = 2.00e-2; %et SDnGSD6 = 1.28;
% et SDGW = 0.00 ; % et SDnGSD7 = 1.00;
% et SDnGMB = 8.60e-3; %et SDnGSD8 = 1.29;
% et SDnGWD = 8.60e-3; %et SDnGSD9 = 1.29;
% et SDGMLO= 8. 40e-3; % et SDnGSD10= 1. 84;
% et SDnGML1= 5.40e-3; % et SDnGSD11= 1. 94;
% et SDnGML2= 2. 10e-3; % et SDnGSD12= 1. 34;
% et SDnGML3= 1.60e-1; % et SDnGSD13= 1.28;
% et SDnGML4= 2. 10e-1; % et SDn(GSD14= 1. 34;

* DBP Concentration

* Distributions are assumed to be nor mal

* arithmetic standard deviation (ASD) statistics;

* Concentration is in ug/L;
Wet CIL_AML = 24.4 ; %et ClL_ASDL = 1.52 ;
%Wet CI_AMR = 10.2 ; % et Cl_ASD2 = 8.5le-1;
%Wet CIL_AMB = 0.35 ; %et Cl_ASD3 = 2.55e-1;
et CIL_AWM = 4.2 ; % et Cl_ASD4 = 3. 34e-1;
et CIL_AVb = 30.85 ; %et CL_ASD5 = 1.49 ;
Wet CIL_AMB = 20.1 ; % et CL_ASD6 = 9.42e-1;
et CIL_AW = 0.00 ; %et CL_ASD7 = 1.00 ;
et CI_AMB = 1.5 ; % et Cl1_ASD8 = 1.22e-1;
et CIL_AM = 8.5 ; % et CL_ASD9 = 9. 12e-2;
%Wet CIL_AMIO= 0.29 ; %et Cl_ASD10= 2. 74e-2;
%Wet Cl_AML1= 3.5 ; % et Cl_ASDll= 4.56e-1;
%Wet CI_AML2= 0.2 ; % et Cl_ASDl12= 7.60e-2;
%Wet CI_AML3= 1.9 ; % et Cl_ASD13= 2.43e-1;
%Wet Cl_AMI4= 0.15 ; %et Cl_ASD14= 7.30e-2;
% et Cl_AMCa= 83 ; % et Cl_ASDCa= 1.28e+1;
% et Cl_AMDe= 47 ; % et Cl_ASDDe= 6.99 ;
% et Cl_AMRe= 47 ; % et Cl_ASDRe= 6.99 ;

£k ok R ok ok 3k ok % ok % ok k% ok ¥

CHBr d 2;
CHBr 2C1 ;
CHBr 3;

DBAN;

Unspeci fi ed carcinogens;

Unspeci fi ed devel opnental toxins;
Unspeci fied reproductive toxins;

* DBP Concentration distributions for the water treated using the baseline technol ogy;
* Distributions are assumed to be normal with specified arithnetic nean (AM and
* arithmetic standard deviation (ASD) statistics;
* Concentration is in ug/L;
%et C2_AML = 21.1 ; Y%et C2_ASDL = 1.52e-1; * CHBrd 2;
%et C2_AM = 13.0 ; Y%et C2_ASD2 = 4.86e-1; * CHBr2d;
%et C_AMB = 1.5 ; Y%et C2_ASD3 = 2.13e-1; * CHBr3;
%et C_AVA = 5.8 ; Y%et C2_ASD4 = 5.78e-1;, * CH
%et C2_AMb = 19.3 ; Y%et C2_ASD5 = 7.90e-1; * DCA;
%et C2_AM6 = 10 ; Y%et C2_ASD6 = 6.99e-1; * TCA
%et C2_AW = 4 ; %et C2_ASD7 = 3.65e-1; * Bronmte;
%et C2_AMB = 1.98 ; %et C2_ASD8 = 1.40e-1; * DBA;
%et C2_AMD = 6.7 ; Y%et C2_ASD9 = 1.22e-1; * BCA
% et C2_AMIO= 0.28 ; %et C2_ASD10= 3.65e-2; * MBA;
%et C2_AMI1= 2.6 ; Y% et C2_ASDll= 2.43e-1; * DCAN,
%et C2_AMI2= 0.05 ; %et C2_ASD12= 0.00 ;¥ TCAN,
%et C2_AMI3= 1.65 ; %et C2_ASD13= 1.25e-1; * BCAN
%et C2_AMI4= 0.55 ; %et C2_ASD14= 1.43e-1; * DBAN
% et C2_AMCa= 68 ; % et C2_ASDCa= 1.19e+1; * Unspecified carcinogens;
% et C2_AMDe= 39 ; % et C2_ASDDe= 6.99 ; * Unspecified devel opmental toxins;
% et C2_AMRe= 39 ; % et C2_ASDRe= 6.99 ; * Unspecified reproductive toxins;
* ;
* Random nunber macros. ;
* .
* Uni Dist;
* Paraneters;
* | ower -- lower bound of uniform
* upper -- upper bound of uniform
%racro Uni Di st (|l ower, upper);
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val ue = & ower + uniforn&seed)*(&upper - & ower);
%rend Uni Di st ;

* LUni Di st;
* Paraneters;
* | ower -- lower bound of log uniform
* upper -- upper bound of log uniform
*
* Returns value whose log is uniformy distributed between |og(lower) and;
* log(upper);
%racro LUni Di st (Il ower, upper);
LI oner = | og(& ower);
Lupper = | og(&upper);

%Jni Di st (LI ower, Lupper);
val ue = exp(val ue);
%rend LUni Di st;

* Nor ndi st ;
* Paraneters;
* mean -- normal distribution arithnmetic nean;
* std -- normal distribution standard devi ation;
%racr o Nor nDi st (nean, std);
val ue = &rean + &std*normal (&seed);
%rend Nor nDi st ;
* pNor mal ;
* Paraneters;
* mean -- normal distribution arithnmetic nean;
* std -- normal distribution standard devi ation;
*
*

Repeatedly draws values froma normal distribution until getting a non-negative val ue;

%racr o pnor mal (nean, std);
val ue=-1,
do until (val ue ge 0);
9%Nor nDi st (&mean, &std);
end;
%rend pnor nal ;

* LnDist;
* Paraneters;
* gm -- geonetric mean;
* gsd -- geonetric standard devi ati on;
%racro LnDist(gm gsd);

mean=l og( &m ;

st d=I og( &gsd) ;

%Nor nDi st (nean, std);

val ue=exp(val ue);

%rend LnDi st ;

* LnDistT;
* Paraneters;
* gm -- geonetric mean;
* gsd -- geonetric standard devi ati on;
* LowBound -- lower truncation bound;
* H Bound -- upper truncation bound;
*
* LnDistT randomy selects a val ue between LowBound and Hi bound fromthe | ognornal;
* defined by gmand gsd. |[If LnD st(&m &jsd) returns the m ssing value (e.g., because the;
* GMis zero), then LnDistT returns 0. Oherw se, a randomvalue is repeatedly selected until;
*

one is selected that falls within the bounds.;

%racro LnDi st T(gm gsd, LowBound, Hi Bound);
if (&gmle O or &gsd le 0) then value = 0; else do;
mean=l og( &gm ;
std =l og(&gsd);
do until (val ue ge & owBound and val ue | e &H Bound);
%Nor nDi st (nean, std);
val ue=exp(val ue);
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end;
end;
%rend LnDistT,

TrDi st ;
Par anet er s;

Mode -- Distribution node;

ok % ok F

LowBound -- Distribution |ower

H Bound ~-- Distribution upper

bound;

bound;

%racro TrDi st (LowBound, Modde, Hi Bound);

pr ob=uni f or n{ &seed) ;

hei ght =2/ ( &Hi Bound- &LowBound) ;

pr obl=prob;

sl opel=hei ght/ ( &wbde- & owBound) ;

val 1=&LowBound+( 2* pr ob1/ sl opel) **0. 5;

pr ob2=1- pr ob;

sl ope2=hei ght/ ( &H Bound- &\bde) ;
val 2=&Hi Bound- ( 2* pr ob2/ sl ope2) **0. 5;

if prob | e (&Wde-&LowBound)/ ( &H Bound- & owBound)
if prob gt (&Wde-&LowBound)/ (&H Bound- & .owBound) then val ue

if &LowBound eq &Hi Bound then val ue = &Wbde;

%vend TrDist;

Bet aDi st ;
Par anet er s;

E N

%racr o Bet aDi st (al pha, beta);
pr ob=uni f or n{ &seed) ;

al pha -- first shape paraneter;
beta -- second shape paraneter;

val ue = bet ai nv(prob, &l pha, &bet a)

%rend bet adi st ;

then val ue

val 1;
val 2;

simul ate

E T

Runs outer sinulation loop by calling iter & oopnumtines.

%racro simul ate;

* |nitialize results database;
% nit _db;

* Execute iteration | oop & oopnumtines;

%lo iter=1 % o0 & oopnum
Y%one_iter;
%end;

* Conmpute the incremental QALYs and NEVs (nunbers of events) and summarize the results;

Ysummary;

%rend si nul at e;

init_db

E

Creates results dataset to hold simulation output.

Sets | abel s.

%racro init_db;

* Set up dummy record and establish Iabels;

data results; set dummy(drop=fo0);
; TechFl ag =' Technol ogy"' ;

TechFlag = 1; | abel
RunNum = 1; | abel
cc = &cc; | abel
CR1 = &CRI1; | abel
CR2 = &CR2; | abel
UnHt M = &UnHt M | abel
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Ci nf = &G nf; | abel Cinf = "Crypto infectivity paraneter';
Cl P = &Cl nP; label ClnP = "Cond prob mildillness if infected';
ClsP = &Cl sP; | abel ClsP = 'Cond prob nod-sev ill if mldly ill";
CDP = &CDP; | abel CDP = 'Cond prob die if nod to sev ill';
SF1Ca = &SF1Ca; | abel SFl1Ca = "Tech 1 Cancer SF L/kg-day~-1';
SF2Ca = &SF2Ca; | abel SF2Ca = 'Tech 2 Cancer SF L/kg-day”~-1';
SF1Re = &SF1Re; | abel SF1Re = '"Tech 1 Repro SF L/kg-day”-1';
SF2Re = &SF2Re; | abel SF2Re = 'Tech 2 Repro SF L/kg-day”-1';
SF1De = &SF1De; | abel SF1De = 'Tech 1 Devel SF L/kg-day”-1';
SF2De = &SF2De; | abel SF2De = ' Tech 2 Devel SF L/kg-day”-1';
CaDP = &CaDP; lable CaDP = ' Cond prob death given cancer';
drate = &drate; | abel drate = "Di scount rate';
QCal M = &QLal M | abel QCalM = "Cancer Illness QALY nult';
QCabDM = &QCaDM | abel QCaDM = "Cancer Death QALY nult';
QevM = &QDevM | abel QDevM = ' Dev Tox QALY mult';
QRepM = &QRepM | abel QRepM = '"Rep Tox QALY mnult';
QCl mv = & v label QCImMM = 'Crypto mild ill QALY mult"';
QCl sM = &I sM | abel QCIsM = "Crypto nod to sev ill QALY mult';
= &QCDM | abel QCDM = "Crypto death QALY nult"';
TotQCal = 0; | abel TotQCal = 'QALYs: Cancer Illness';
TotQCaD = 0; | abel TotQCaD = ' QALYs: Cancer Death';
Tot QDev = 0; | abel TotQDev = ' QALYs: Devel opnental ';
TotQRep = 0; | abel TotQRep = ' QALYs: Reproductive';
TotQClm = 0; label TotQCIlm = '"QALYs: Crypto - MId Illness';
TotCls = 0; label TotQCls = 'QALYs: Crypto - Mod to Sev Illness';
TotQCD = 0; label TotQCD = 'QALYs: Crypto - Death';
Tot Q = 0; | abel TotQ = "QALYs: Al Health Effects';
NEV_Cal = O; I abel NEV_Cal = 'Num Events: Cancer Il ness';
NEV_CaD = O; | abel NEV_CaD = ' Num Events: Cancer Death';
NEV_Dev = O; | abel NEV_Dev = 'Num Events: Devel opnental ';
NEV_Rep = O; | abel NEV_Rep = 'Num Events: Reproductive';
NEV_CIm = O; label NEV_CIm = 'Num Events: Crypto - MId Illness';
NEV_Cls = 0; label NEV_Cls = 'Num Events: Crypto - Mbd to Sev Illness';
NEV_CD = 0; label NEV_CD = 'Num Events: Crypto - Death';
IncTech = 0; I abel IncTech = 'Inc. Tech Cost';
CE = 0; | abel CE = 'Dol Il ar per QALY';
run;

* Elimnate blank record.;

data results; set results;
if 1=2;

run;

%rend init_db;

one_iter
Runs outer sinulation loop by calling iter & oopnumtines.

E N

%racro one_iter;

* Assign random val ues to uncertain paraneters;
YR _Assi gn;

* Cal cul ate baseline technol ogy health event counts and NPV QALYs;
%rai ncal c(1);

* Cal cul ate baseline + supplenental technology health event counts and NPV QALYs;
%rai ncal c(2);

%rend one_iter;

R _Assign
Assi gns random val ues to uncertain paraneters.

E N N

%racro R_Assign;
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* Store random val ues in the Assign dataset as they are cal cul at ed.

After

all;

* cal cul ations, these values are transfered to macro variables for use in the ;

* maincal c routine.;
data Assign; set dummy;

kkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkhkkhkkkkk*x.
’

* Economic quantities ;

kkhkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkhkkkkk*x.
’

* Annual discount rate;
%Jni Di st (&drate_I|, &rate_u);
dr at e=val ue;
call symput('drate',drate);

* Per event QALY cost nultipliers;

% Uni Di st (&QCal m |, &Cal m u); QCal nrval ue; call synput (' QCaln, QCalnm;
% Uni Di st (&QCabDm |, &CaDm u); QCaDnwval ue; call synput (' QCabDni, QCaDn);
% Uni Di st (&QPevm |, &QDevm u); QDevnrval ue; call synput (' Qbevni, QDevn);
% Uni Di st (&QRepm |, &QRepm_u) ; QRepnwval ue; call synput (' QRepni, QRepn) ;
% Uni Di st (&I m |, &Cl nm_u); QCl mrval ue; call synput (' QCl mi, QCl ) ;
% Uni Di st (&I sm |, &XClsmu); QClsnrvalue; call synmput('QClsnm, QClsn;
% Uni Di st (&QCDm |, &XDm u) ; QCDmr= val ue; call synput(' QCDmM, QCDm;

kkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkkk*x.
’

* Crypto health effects;

kkhkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkk*x.
’

* Crypto concentration in source water (organisns/L);
* Use distribution 1 with probability &cc_pr1;
%Jni Di st (0, 1);
if value le &c_prl then do;
%onor mal (&cc_aml, &c_asdl);

end;

el se do;
%onor mal (&cc_an®, &c_asd2);
end;

cc=val ue;

call symput('cc',cc);

* Crypto log renpval for baseline technol ogy;
%l Di st (&CR1_| , &CR1_m &CR1_u);
CR1=val ue;
call symput (' CR1l', CR1);

* Crypto log renpval for baseline + supplenental technol ogy;
%lr Di st (&CR2_| , &CR2_m &CR2_u) ;
CR2=val ue;
call symput (' CR2', CR2);

* Multiplier to scale the fraction of ingested tap water that is not
%Jni Di st (&UnHt M_I, &UnHt M u) ;
UnHt M=val ue;
call symput (' UnHtM , UnHt M ;

* Crypto infectivity paraneter;

if &AIDS=1 then do;
%.nDi st (&G nf _gmA, &Ci nf _gsd) ;
end;

el se do;
%.nDi st (&G nf _gnG, &Ci nf _gsd) ;
end;

Ci nf =val ue;

call symput (' G nf',C nf);

* Conditional probability of nmld crypto illness given infection;
if &AI DS=1 then do;
%lr Di st (&Cl nP_| , &Cl nP_m &Cl nP_u) ;
end;
el se do;
%.nDi st T(&Cl mP_gm &Cl nP_gsd, 0, 1) ;
end;
Cl mP=val ue;
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call symput (' ClnP', ClnP);

* Conditional probability of npderate to severe crypto illness given nild illness;
if &AI DS=1 then do;
%r Di st (&Cl sP_I| , &Cl sP_m &Cl sP_u);
end;
el se do;
%.nDi st T(&Cl sP_gm &Cl sP_gsd, 0, 1) ;
end;
Cl sP=val ue;
call symput (' ClsP',ClsP);

* Conditional probability of death given npderate to severe ill ness;
if &AIDS=1 then do;
9Bet aDi st (&CDp_aA, &CDp_bA) ;
end;
el se do;
9Bet aDi st (&CDp_aG, &CDp_bG) ;
end;
CDp=val ue;
call symput (' CDp', CDp);

kkhkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkk*x.
’

* DBP health effects;

kkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkk*x.
’

* Sel ect DBP concentrations -- baseline technol ogy;
%nor mal (&C1_AML, &Cl1_ASDl1l); Cl_1=val ue;
%nor mal (&C1_AM2, &Cl1_ASD2); Cl_2=val ue;
%nor mal (&C1_AMB, &Cl1_ASD3); Cl_3=val ue;
%nor mal (&C1_AM4, &Cl1_ASD4); Cl_4=val ue;
%nor mal (&C1_AMB, &Cl1_ASD5); Cl_5=val ue;
%nor mal (&C1_AMB, &Cl1_ASD6); Cl_6=val ue;
%nor mal (&C1_AM7, &Cl1_ASD7); Cl_7=val ue;
%nor mal (&C1_AMB, &Cl1_ASD8); Cl_8=val ue;
%nor mal (&C1_AMB, &Cl1_ASD9); Cl_9=val ue;
%pnor mal (&C1_AMLO, &C1_ASD10); Cl1_10=val ue;
%nor mal (&C1_AML1, &C1_ASD11); Cl1_11=val ue;
%nor mal (&C1_AML2, &C1_ASD12); Cl_12=val ue;
%nor mal (&C1_AML3, &C1_ASD13); Cl1_13=val ue;
%nor mal (&C1_AML4, &C1_ASD14); Cl_14=val ue;
%onor mal (&Cl_AMCa, &C1_ASDCa); Cl_Ca=val ue;
%nor mal (&C1_AMDe, &C1_ASDDe) ; Cl_De=val ue;
%nor mal (&C1_AMRe, &C1_ASDRe) ; Cl_Re=val ue;
array c1{14} Cl_1-C1_14;

* DBP health effects -- select DBP concentrations: Baseline and sup technol ogy;
%nor mal (&C2_AML, &C2_ASDl1); C2_1=val ue;
%nor mal (&C2_AM2, &C2_ASD2); C2_2=val ue;
%nor mal (&C2_AMB, &C2_ASD3); C2_3=val ue;
%onor mal (&C2_AM4, &C2_ASD4); C2_4=val ue;
%nor mal (&C2_AMB, &C2_ASD5); C2_5=val ue;
%onor mal (&C2_AMB, &C2_ASD6); C2_6=val ue;
%nor mal (&C2_AM7, &C2_ASD7); C2_7=val ue;
%nor mal (&C2_AMB, &C2_ASD8); C2_8=val ue;
%nor mal (&C2_AMB, &C2_ASD9); C2_9=val ue;
%nor mal (&C2_AMLO, &C2_ASD10) ; C2_10=val ue;
%nor mal (&C2_AML1, &C2_ASD11); C2_11=val ue;
%nor mal (&C2_AML2, &C2_ASD12); C2_12=val ue;
%nor mal (&C2_AML3, &C2_ASD13); C2_13=val ue;
%nor mal (&C2_AML4, &C2_ASD14); C2_14=val ue;
%nor mal (&C2_AMCa, &C2_ASDCa) ; C2_Ca=val ue;
%onor mal (&C2_AMDe, &C2_ASDDe) ; C2_De=val ue;
%nor mal (&C2_AMRe, &C2_ASDRe) ; C2_Re=val ue;
array c2{14} C2_1-C2_14;

* DBP Cancer effects -- Select cancer slope factors;
%.nDi st T(&SCmGML, &SCnGSD1, 0, 1); SFCa_1 =val ue;
%.nDi st T(&SCmG&AWR, &SCnGSD2, 0, 1); SFCa_2 =val ue;
%.nDi st T(&SCmG&GMVB, &SCnGSD3, 0, 1); SFCa_3 =val ue;
%.nDi st T(&SCmGWM, &SCnGSD4, 0, 1); SFCa_4 =val ue;
%.nDi st T(&SCmG&Wb, &SCnGSD5, 0, 1);  SFCa_5 =val ue;
%.nDi st T(&SCmG&VB, &SCnGSD6, 0, 1); SFCa_6 =val ue;
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* DBP Devel opnent al

* DBP Reproductive effects --

%.nDi st T( &SCmGW7,
%.nDi st T( &SCmGVB,
%.nDi st T( &SCmGW,

&SCnGSh7, 0, 1) ;
&SCnGSD8, 0, 1) ;
&SCnGSDY, 0, 1) ;

%nDi st T( &SCTGMLO, &SCnGSDLO, 0, 1) ;
%nDi st T( &SCOMGML1, &SCnGSDLL, 0, 1) ;
%nDi st T( &SCOMGML2, &SCnGSDL2, 0, 1) ;
%nDi st T( &SCOTGML3, &SCnGSDL3, 0, 1) ;
%nDi st T( &SCOTGML4, &SCnGSDL4, 0, 1) ;
array SFCa{14} SFCa_1-SFCa_14;:

%.nDi st T( &SDmGML,
%.nDi st T( &SDmGWR,
%.nDi st T( &SDmGVB,
%.nDi st T( &SDmMGW4,
%.nDi st T( &SDmGVb,
%.nDi st T( &SDmGVB,
%.nDi st T( &SDmGWr,
%.nDi st T( &SDmGVB,
%.nDi st T( &SDmGW,

effects --

Sel ect
&SDnGSD1, 0, 1) ;
&SDnGSD2, 0, 1) ;
&SDnGSD3, 0, 1) ;
&SDnGSM, 0, 1) ;
&SDnGSD5, 0, 1) ;
&SDnGSDe, 0, 1) ;
&SDnGSD7, 0, 1) ;
&SDnGSD8, 0, 1) ;
&SDnGSDI, 0, 1) ;

%nDi st T( &SDGMLO, &SDnGSDLO, 0, 1) ;
%nDi st T( &SDGML1, &SDnGSDL1, 0, 1) ;
%nDi st T( &SDGML2, &SDnGSDL2, 0, 1) ;
%nDi st T( &SDGML3, &SDnGSDL3, 0, 1) ;
%nDi st T( &SDGML4, &SDnGSD14, 0, 1) ;
array SFDe{14} SFDe_1- SFDe 14

%.nDi st T( &SRMGML,
%.nDi st T( &SRMGWR,
%.nDi st T( &SRMGVB,
%.nDi st T( &SRMGW4,
%.nDi st T( &SRMGVB,
%.nDi st T( &SRMGVB,
%.nDi st T( &SRMGW7,
%.nDi st T( &SRMGVB,
%.nDi st T( &SRMGW,

&SRnGSD1, 0, 1) ;
&SRnGSD2, 0, 1) ;
&SRGSD3, 0, 1) ;
&SRGSH4, 0, 1) ;
&SRGSD5, 0, 1) ;
&SRGSDe, 0, 1) ;
&SRnGSD7, 0, 1) ;
&SRGSD8, 0, 1) ;
&SRNGSDI, 0, 1) ;

%.nDi st T( &SRMGMLO, &SRnGSD10, 0, 1) ;
%.nDi st T(&SRMGML1, &SRnGSD11, 0, 1) ;
%.nDi st T(&SRMGML2, &SRnGSD12, 0, 1) ;
%.nDi st T( &SRMGML3, &SRnGSD13, 0, 1) ;
%.nDi st T( &SRMGML4, &SRnGSD14, 0, 1) ;
array SFRe{14} SFRe_1- SFRe_14;

Cal cul ate total

basel i ne carci nogens:
basel i ne + sup carci nogens:
basel i ne dev tox substances:

baseline + sup dev tox substances:

baseline rep tox substances:

baseline + sup rep tox substances:

Cal cul ate total

basel i ne carci nogens:
basel i ne + sup carci nogens:
basel i ne dev tox substances:

baseline + sup dev tox substances:

baseline rep tox substances:

baseline + sup rep tox substances:

Initialize all
CSp_1Ca=0;
CSp_2Ca=0;
CSp_1De=0;
CSp_2De=0;
CSp_1Re=0;
CSp_2Re=0;

Loop through all

i's non-m ssing.
is inug/L.;
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{14}
concentration total

totals to zero;
SF1Ca=0;
SF2Ca=0;
SF1De=0;
SF2De=0;
SF1Re=0;
SF2Re=0;

identified constituents.

SFCa_7 =val ue;
SFCa_8 =val ue;
SFCa_9 =val ue;
SFCa_10=val ue;
SFCa_11=val ue;
SFCa_12=val ue;
SFCa_13=val ue;
SFCa_1l4=val ue;

devel oprent al
SFDe_1=val ue;
SFDe_2=val ue;
SFDe_3=val ue;
SFDe_4=val ue;
SFDe_5=val ue;
SFDe_6=val ue;
SFDe_7=val ue;
SFDe_8=val ue;
SFDe_9=val ue;
SFDe_10=val ue;
SFDe_11=val ue;
SFDe_12=val ue;
SFDe_13=val ue;
SFDe_14=val ue;

Sel ect Reproductive sl

SFRe_1=val ue;
SFRe_2=val ue;
SFRe_3=val ue;
SFRe_4=val ue;
SFRe_5=val ue;
SFRe_6=val ue;
SFRe_7=val ue;
SFRe_8=val ue;
SFRe_9=val ue;
SFRe_10=val ue;
SFRe_11=val ue;
SFRe_12=val ue;
SFRe_13=val ue;
SFRe_14=val ue;

concentration for specified;

SF1Ca;

B-18

sl ope factors;

ope factors;

vol ume sl ope factor for specified;

Add to slope factor and to;
only if the slope factor for that disease and constituent;
Di vi de by 1000 b/c sl ope factor

is in nmg/ kg-day and conc;
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do i=1to dimcl);
if SFCa{i} ne 0 then do;
CSp_1Ca=CSp_1Ca+c1{i}; SFlCa=SF1Ca+cl{i}*SFCa{i}/1000;
CSp_2Ca=CSp_2Ca+c2{i}; SF2Ca=SF2Ca+c2{i}*SFCa{i}/1000;
end;
if SFDe{i} ne 0 then do;
CSp_1De=CSp_1De+c1{i}; SF1De=SF1De+c1{i}*SFDe{i}/ 1000;
CSp_2De=CSp_2De+c2{i}; SF2De=SF2De+c2{i }*SFDe{i}/1000;
end;
if SFRe{i} ne 0 then do;

CSp_1Re=CSp_1Re+c1{i}; SF1Re=SF1Re+c1{i}*SFRe{i}/1000;
CSp_2Re=CSp_2Re+c2{i}; SF2Re=SF2Re+c2{i}*SFRe{i}/1000;
end;
end;

* Inflate the slope factors to reflect unspecified toxins;
SF1Ca=SF1Ca*(1+Cl_Ca/ CSp_1Ca);
SF2Ca=SF2Ca* (1+C2_Cal/ CSp_2Ca) ;
SF1De=SF1De* ( 1+Cl_De/ CSp_1De);
SF2De=SF2De* ( 1+C2_De/ CSp_2De) ;
SF1Re=SF1Re* (1+Cl_Re/ CSp_1Re);
SF2Re=SF2Re* (1+C2_Re/ CSp_2Re) ;

* Divide by 70 to reflect the fact that this conputati on addresses ingestion for

1 year;

* and the slope factor is applicable to the average consunption rate over a life tine.;

SF1Ca=SF1Ca/ 70;
SF2Ca=SF2Ca/ 70;
SF1De=SF1De/ 70;
SF2De=SF2De/ 70;
SF1Re=SF1Re/ 70;
SF2Re=SF2Re/ 70;

* Store the slope factors in nacro variables to be used by macro maincal c;
call symput (' SF1Ca', SF1Ca);
call symput (' SF2Ca', SF2Ca) ;
call symput (' SF1De', SF1De);
call symput (' SF2De' , SF2De) ;
call symput (' SF1Re', SF1Re);
call symput (' SF2Re', SF2Re) ;

* Draw and store conditional probability of cancer fatality given cancer illness;

%.nDi st (&CaDP_gm &CaDP_gsd) ;
CaDP=val ue;
call symput (' CaDP', CaDP);

* End data step for data set Assign;
run;

%rend R_Assi gn;

* .

* maincal ¢ ;

* Cal cul ates values (stored in benefits.sd2) used to conpute NPV QALYs and ;

* nunmber of health events. ;

* .

* Structure of database benefits.sd2

*

* Each record contains informati on quantifying NPV QALY costs and nunber of health
* events for one age group (a five year range) resulting froma single year of

* drinki ng water consunption.

*

* Note that fields whose value is calculated here are narked with an asteri sk.

*

* An " _x" following the name of a field indicates that there are seven such fields,
* one for each health effect. The field nane for each health effect is the prefix
* shown, followed by a "_" and one of the foll ow ng codes:

*

* _Cal -- Cancer - illness

* _CaD -- Cancer - death

* _Rep -- Reproductive tox

* _Dev -- Devel opnental tox

* _Cm -- Crypto - MId illness
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_Cls -- Crypto - Mdderate to severe illness

ef fects per nmenber of this age group.

val ue equal s the product of dr, N, and NAR

acconpanyi ng this program

T R I T T T R U TR IR

_CD -- Crypto - Death

Field Conment

-A-g;e-g;;)[J;:) -- i/:':ll-;];e-s-l through 18 representing 5 year increnmental age groups

Tot _TWn -- L/kg-day total tap water -- used for CAl, CAD, Rep, and Dev

Unht TWn -- L/day unheated tap water -- used for crypto illness and death
*risk_x -- Risk reflecting 1 year of drinking water consunption.

N -- Fraction of population in this age group

NAR_x -- (N_AtRi sk) Nunber of potential health effects per individual. The

product of delta_r and N AtRi sk is the expected nunber of health

*NEV_x -- (N_Events) Nunber of events anmpong individuals in this age group. This

QPE_xi -- NPV of the QALY cost per event given discount rate i. For a
specific discount rate, this value is produced by the excel spreadsheet

*QpE_x -- NPV of the QALY cost per event given the discount rate selected. Conputed
fromthe QE _x via linear interpolation.
*Tot Qx -- Total QALY cost for this age group. Equals the product of NEV_x and
QuE_x
* Paraneter
* Tech -- 1 if the baseline technology is being eval uated;
* 2 if the baseline plus the supplenmental technology is being eval uated;

%racr o mai ncal c(Tech);

* Cal cul ate event counts and QALY costs and store in dataset benefits;
data benefits; set datapath. benefits;

kkkkkkhkkkkkkkk*k.
’

* Crypto risks;
kkkkkkkhkkkhkkkkkk.

* fin_cc is the finished water crypto concentration;
if (&Tech = 1) then do; fin_cc = &cc/(10**&CR1); end;
if (&Tech = 2) then do; fin_cc = &cc/ (10**( &CR1+&CR2)); end;

* C_dose is the nunber of crypto ingested per 12 week (84 day) period;
C_dose = fin_cc*Unht TW n* &UnHt Mr12*7;

* InfPis the probability of infection in a 12 week peri od;
InfP =1 - exp(-1*&Ci nf*C_dose);

* risk_Cimis the probability of mld crypto illness per 12 week peri od;
risk_Clm = &Cl mp*I nf P;
NEV_Clm = risk_Cl m*NAR_ClI n¥ N;

* risk_Cls is the probability of noderate to severe illness per 12 week
risk_Cls = &l sp*risk_Cl'm
NEV_Cls = risk_Cl s*NAR_Cl s*N;

peri od;

* risk_CDis the probability of death per year. Calculate the probability of no;

* death in a 12 week period. Raise to 4.33 to get no death in 1 year.
* unity to get the probability that death will occur in 1 year;
risk_ CD=1- (1 - &CDp*risk_Cls)**4.33;
NEV_CD = risk_CD*NAR _CD*N,

kkkkkkkkkkk.
’

* DBP ri sks;

kkkkkkkkkkk.
’
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* risk_Cal is the probability of cancer ill ness;

* Suppl enental technology is NOT honefilters... Technol ogy DOES affect cancer SF;
if &SupHF ne 1 then do;

if &Tech = 1 then do; risk_Cal =&SF1Ca* Tot _TW n; end;

if &Tech = 2 then do; risk_Cal =&SF2Ca* Tot _TW n; end;

end;
* Suppl enental technology is honmefilters... use baseline cancer slope factor;
* Technol ogy does not affect cancer SF;
el se do;

ri sk_Cal =&SF1Ca* Tot _TW n;

end;
NEV_Cal = risk_Cal *NAR_Cal *N;

* risk_CaD is the probability of cancer death;
ri sk_CaD = ri sk_Cal * &CADp;
NEV_CaD ri sk_CaD*NAR_CaD* N;

* risk_Rep is the probability of Repro tox;

if &Tech = 1 then do; risk_Rep=&SF1Re*Tot _TWn; end;
if &Tech = 2 then do; risk_Rep=&SF2Re* Tot _TWn; end;
NEV_Rep = risk_Rep*NAR_Rep*N;

* risk_Dev is the probability of Repro tox;

if &Tech = 1 then do; risk_Dev=&SF1De* Tot _TWn; end;
if &Tech = 2 then do; risk_Dev=&SF2De* Tot _TW n; end;
NEV_Dev = risk_Dev*NAR_Dev*N;

kkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkkhkkkkkkkk**x.
’

* NPV QALYs per health event;

kkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkkhkkkkkkkkk**x.
’

* Cal cul ate greatest integer less than discount rate (FLdrate) and snallest integer;
* greater than discount rate (CLdrate);

FLdr at e=f | oor (100*&dr at e) ;

CLdr at e=cei | (100*&drate);

* Define arrays holding NPV for QALYs for each discount rate between 3% and 7%

array QpExCal {5} QpE_Cal 3- QpE_Cal 7;
array QpExCaD{5} QpE_CaD3- QpE_CaD7;
array QpExDev{5} QE_Dev3- QpE_Dev7;
array QpExRep{5} QE_Rep3- QpE_Rep7;
array QpExCl m{5} QpE_Cl nB- QpE_CI nv;
array QpExCl s{5} QE_Cls3-QE_Cls7;
array QpExXCD{5} QpE_CD3- QoE_CD7;

* QpE_x is the QALY per event value for &rate as interpol ated between FLdrate;
* and CLdrate. Factor in the uncertainty nultiplier for each per event QALY val ue.;
QE_Cal =&QCal n*
( QExCal { FLdr at e- 2} +(100* &dr at e- FLdr at e) * ( QoExCal { CLdr at e- 2} - QpExCal { FLdrate-2}));
QE_CaD=&QCaDnt
( QExCaD{ FLdr at e- 2} +( 100* &dr at e- FLdr at e) * ( QoExCaD{ CLdr at e- 2} - QpExCaD{ FLdr ate-2}));
QE_Dev=&QDevnt
( QExDev{ FLdr at e- 2} +( 100* &dr at e- FLdr at e) * ( QoExDev{ CLdr at e- 2} - QpExDev{ FLdrate-2}));
QOE_Rep=&QRepnt
( QExRep{ FLdr at e- 2} +( 100* &dr at e- FLdr at e) * ( QoExRep{ CLdr at e- 2} - QpExRep{ FLdrate-2}));
QE_Cl nF&QCI m
( QEXCl { FLdr at e- 2} +( 100* &dr at e- FLdr at ) * ( QEXCl m{ CLdr at e- 2} - QEXCI n{ FLdrate-2}));
QE_Cl s=&QCl sn¥
( QEXCl s{ FLdr at e- 2} +( 100* &dr at e- FLdr at ) * ( QoExCl s{ CLdr at e- 2} - QpEXCl s{FLdrate-2}));
QpE_CD= &QCDnt
( QEXCD{ FLdr at e- 2} +(100*&dr at e- FLdr at e) *( QoEXCD{ CLdr at e- 2} - QPEXCD{FLdrate-2}));

* Calculate TotQx -- the total NPV of QALYs lost for this age group;

Tot QCal =NEV_Cal * QpE_Cal ;
Tot QCaD=NEV_CaD* QpE_Cab;
Tot QDev=NEV_Dev* QpE_Dev;
Tot QRep=NEV_Rep* QpE_Rep;
Tot QCl m=NEV_CI nt QpE_Cl m
Tot QCl s=NEV_Cl s* (pE_Cl s;
Tot QCD =NEV_CD * QpE_CD;

* format cal cul ated output quantities;
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f or mat
ri
ri
ri
ri
ri
ri
ri

sk_Cal NEV_Cal (pE_Cal Tot QCal

sk_CaD NEV_CaD pE_CaD Tot QCaD
sk_Dev NEV_Dev QpE_Dev Tot QDev
sk_Rep NEV_Rep QpE_Rep Tot QRep
sk_Clm NEV_Cl m QpE_CI m Tot QCI m
sk_Cls NEV_Cls QpE Cls TotCls
sk_CD NEV_CD E_CD TotQCD

e9.;

* End of data step to calculate benefits by exposure age;

* Sum event counts and QALY costs over

run,

proc neans noprint data=benefits;

*
*
*
*

var

Tot QCal NEV_Cal

Tot QCaD NEV_CaD
Tot QDev NEV_Dev
Tot QRep NEV_Rep
Tot QCIl m NEV_CI m
TotCls NEV_CIs
Tot QCD NEV_CD;

out put out =sunmben sum =

Tot QCal NEV_Cal

Tot QCaD NEV_CaD
Tot QDev NEV_Dev
Tot QRep NEV_Rep
Tot QCIl m NEV_CI m
Tot Cls NEV_CIs
Tot QCD NEV_CD;

run,

Store:;
TechFlag -- Flag indicating baseline (1) or
RunNum  -- Run nunber;

Val ues for

dat a sunben; set sunben;
TechFl ag=&Tech;

RunNum = &i ter;

cc = &cc;
CR1 = &CRI1;
CR2 = &CR2;
UnHt M = &UnHt M
Ci nf = &Ci nf;
Cl nP = &Cl nP;
ClsP = &Cl sP;
CDP = &CDP;
SF1Ca = &SF1Ca;
SF2Ca = &SF2Ca;
SF1Re = &SFlRe;
SF2Re = &SF2Re;
SF1De = &SF1De;
SF2De = &SF2De;
CaDP = &CaDP;
drate = &drate;
QCal M = &QLal M
QCabDM = &QCaDM
QevM = &QPevM
QRepM = &RepM
QCl v = &QCl vt
QCl sM = &I sM
QCDM = &QCDM
run;

* Append record onto dataset results.;
proc append base=results data=sunben force;

%rend mai ncal c;

*

uncertain paranmeters as well.;

age groups;

basel i ne + suppl enent al

(2)

t echnol ogy;

* summary
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E N

Summari zes QALY costs and NEV (nunmbers of events) for the baseline technol ogy
and for the baseline+suppl emental technology. The results dataset contains
this information in pairs of records -- each pair corresponding to a single
draw of random paraneter val ues.

To quantify the increnental change in QALYs and NEVs, the routine collapses
each pair of records in the results dataset into one record and conputes

di fferences between each pair of corresponding fields.

%rmacro sumary,

* Conpute total QALY costs...;
data Results; set Results;

Tot Q = Tot QCal +Tot QCaD+Tot QDev+Tot QRep+Tot QCl m+-Tot QCl s+Tot QCD;
run;

* Split the results dataset into two data sets -- one for the baseline technol ogy;
* results (Techl) and one for the baseline + supplenmental technology results (Tech2);

data Techl Tech2; set Results;
if TechFlag=1 then output Techl; else
if TechFl ag=2 then output Tech2;

run;

* Merge Techl and Tech2;
proc sort data=Techl; by RunNunmj run;
proc sort data=Tech2; by RunNumj run;

data Both (drop = TotQCal NEV_Cal

Tot QCaD NEV_CaD
Tot QDev NEV_Dev
Tot QRep NEV_Rep
Tot QCIl m NEV_CI m
Tot Cls NEV_CIs
Tot QCD NEV_CD
TotQ ;

nmer ge

Techl (rename=(Tot QCal =Tot QCal 1 NEV_Cal =NEV_Cal 1

Tot QCaD=Tot QCaD1
Tot QDev=Tot QDev1
Tot QRep=Tot QRep1l
Tot QCl m=Tot QCI mL
Tot QCl s=Tot QCl s1
Tot QCD =Tot QCD1
Tot @=Tot QL))

Tech2 (rename=(Tot QCal =Tot QCal 2

Tot QCaD=Tot QCaD2
Tot QDev=Tot QDev?2
Tot QRep=Tot QRep2
Tot QCl m=Tot QCl n2
Tot QCl s=Tot QCl s2
Tot QCD =Tot QCD2
Tot =Tot Q)

NEV_CaD=NEV_CaD1
NEV_Dev=NEV_Dev1l
NEV_Rep=NEV_Rep1l
NEV_CI n=NEV_CI ni
NEV_Cl s=NEV_Cl s1
NEV_CD =NEV_CD1

NEV_Cal =NEV_Cal 2
NEV_CaD=NEV_CaD2
NEV_Dev=NEV_Dev2
NEV_Rep=NEV_Rep2
NEV_CI n=NEV_CI n2
NEV_Cl s=NEV_Cl s2
NEV_CD =NEV_CD2

drop = cc CR1 CR2 UnHt M

Cnf ClnP ClsP CDP

SF1Ca SF2Ca SF1Re SF2Re SF1De SF2De CaDP

drate

QCal m QCaDM QPevM QRepM QCl nM QCl sM QCDM

by RunNum ’

array QL{8} Tot QCal 1 Tot QCaDl1 Tot QDevl Tot QRepl Tot QCI nl Tot QCl s1 Tot QCD1 Tot Q1;
array NEV1{7} NEV_Cal 1 NEV_CaDl NEV_Devl NEV_Repl NEV_CIml NEV_Clsl NEV_CDI;
array Q{8} Tot QCal 2 Tot QCaD2 Tot QDev2 Tot QRep2 Tot QCI n2 Tot QCl s2 Tot QCD2 Tot 2;
array NEV2{7} NEV_Cal 2 NEV_CaD2 NEV_Dev2 NEV_Rep2 NEV_CIn2 NEV_Cls2 NEV_CD2;
array QD{8} Tot QCal D Tot QCaDD Tot QDevD Tot QRepD Tot QCI nD Tot QCl sD Tot QCDD Tot QD;
array NEVD{7} NEV_Cal D NEV_CaDD NEV_DevD NEV_RepD NEV_CI nD NEV_Cl sD NEV_CDD,

| abel Tot QCal D
| abel Tot QCaDD
| abel Tot QDevD
| abel Tot QRepD

"QALYs: Cancer Illness';
"QALYs: Cancer Death';

' QALYs: Devel oprental ' ;
" QALYs: Reproductive';
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| abel Tot QCI nD
| abel Tot QClI sD
| abel Tot QCDD

| abel Tot @D

| abel NEV_Cal D
| abel NEV_CaDD
| abel NEV_DevD
| abel NEV_RepD
| abel NEV_CI nD
| abel NEV_CIsD
| abel NEV_CDD

QALYs: Crypto - MId Illness';
QALYs: Crypto - Mdd to Sev Illness';
QALYs: Crypto - Death';

QALYs: Al Health Effects';

Num Events: Cancer |l ness';

Num Events: Cancer Death';

Num Events: Devel opnental ' ;

Num Events: Reproductive';

Num Events: Crypto - MId Illness';
Num Events: Crypto - Mdd to Sev Illness';
Num Events: Crypto - Death';

* Take the difference between Techl and Tech2 costs and NEVs. A positive result;
* neans Techl costs are higher -- i.e., Tech2 has an increnental benefit;

do i=1to dim QD);

Q{i}=Qu{i}-Q{i};

end;

do i=1 to di m NEVD);
NEVD{i } =NEV1{i }- NEV2{i };
end;

* Conpute net present value of QALY costs over the plant lifetine,;
* taking into account the size of the popul ation.;
do i=1to dim QD);

QL{i}=(1/(1+drate)**0.5) *&Popsi ze*(1-(1/ (1+drate)**&plantL))*(QL{i}/drate);
Q@{i}=(1/(1+drate)**0.5) *&Popsi ze*(1-(1/ (1+drate)**&plantL))*(Q{i}/drate);
Q{i}=(1/(1+drate)**0.5)*&Popsi ze*(1-(1/ (1+drate)**&plantL))*(QD{i}/drate);
end;
* Conmpute total nunber of health events -- Taking into account;

* plants lifetine and size of population.;
do i=1 to di m NEVD);
NEV1{i } =&PI ant L* &PopSi ze* NEV1{i };
NEV2{i } =&PI ant L* &PopSi ze* NEV2{i };
NEVD{i } =&PI ant L* &PopSi ze* NEVIXi };
end;

* Conpute increnental technol ogy cost;
IncTech = (&T2_Cap + (1-(1/(1l+drate)**&plantL))*(&T2_Op/drate))-
(&T1_Cap + (1-(1/(1l+drate)**&plantlL))*(&T1_Op/drate));

* Conpute increnental CE of the supplenental technology ($ per NPV QALY);
CE = IncTech/ Tot QD;

format TotQCall Tot QCaDl Tot QDevl Tot QRepl Tot QCl mL Tot QCl s1 Tot QCD1 Tot QL
NEV_Cal 1 NEV_CaDl NEV_Devl NEV_Repl NEV_CIml NEV_CIsl NEV_CD1

Tot QCal 2 Tot QCaD2 Tot QDev2 Tot QRep2 Tot QCl n2 Tot QCl s2 Tot QCD2 Tot @
NEV_Cal 2 NEV_CaD2 NEV_Dev2 NEV_Rep2 NEV_Clm2 NEV_Cls2 NEV_CD2

Tot QCal D Tot QCaDD Tot QDevD Tot QRepD Tot QCl mD Tot QCl sD Tot QCDD Tot QD
NEV_Cal D NEV_CaDD NEV_DevD NEV_RepD NEV_Cl mD NEV_Cl sD NEV_CDD

I ncTech CE
e9.;

* Finish creation of database containing summary of both baseline and baseline +;
* suppl enental technol ogy (dataset Both);
run;

khkkhkkhkkhkkhkhhkhhhhhhhhhhhhhhhhhhhkhkhhkhkhhhhkhkhkhhkhkhkhhkhkhkkhkkkk*kkkkk****x*x*%.
’

* Summarize results (use either proc neans or proc univariate);
**************************************************************;
proc neans data=Both mean stderr;
var TotQCal1l Tot QCaDl Tot QDevl Tot QRepl Tot QClml Tot QCl s1 Tot QCD1 Tot QL
NEV_Cal 1 NEV_CaDl NEV_Devl NEV_Repl NEV_CIinl NEV_Clsl NEV_CD1,;
run,
proc univariate data=Both noprint;
var TotQCal1l Tot QCaDl Tot QDevl Tot QRepl Tot QClml Tot QCl s1 Tot QCD1 Tot QL
NEV_Cal 1 NEV_CaDl NEV_Devl NEV_Repl NEV_CIinl NEV_Clsl NEV_CD1,;
out put out=stats
median = TQlmd T@2nmd T@nmd Tnmd TEmd TQemd TQ/md TBnd
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NEVind NEV2nd NEV3nd NEV4nd NEV5nd NEV6nd NEV7nd
p90 = TQLp90 TQ@p90 T@Bp90 THUpP90 TBP90 TQEpP90 TQ7p90 TABp90
NEV1p90 NEV2p90 NEV3p90 NEV4p90 NEV5p90 NEV6p90 NEV7p9O0;
run;
proc transpose data=stats out = tr_stats;
proc print data=tr_stats |abel; run;

proc neans data=Both mean stderr;
var Tot QCal 2 Tot QCaD2 Tot QDev2 Tot QRep2 Tot QCl n2 Tot QCl s2 Tot QCD2 Tot Q2
NEV_Cal 2 NEV_CaD2 NEV_Dev2 NEV_Rep2 NEV_CIn2 NEV_Cls2 NEV_CD2;
run,
proc univariate data=Both noprint;
var Tot QCal 2 Tot QCaD2 Tot QDev2 Tot QRep2 Tot QCl n2 Tot QCl s2 Tot QCD2 Tot Q2
NEV_Cal 2 NEV_CaD2 NEV_Dev2 NEV_Rep2 NEV_CIn2 NEV_Cls2 NEV_CD2;
out put out=stats
medi an = TQlmd T@2md TE@nmd Tmd TEmd TQ6md TQ7/md TBnd
NEV1ind NEV2nd NEV3nd NEV4And NEV5nd NEV6nd NEV7nd
p90 = TQLp90 T@p90 TBp90 TAp90 TBp90 TQEBP90 TQ7p90 TBP90
NEV1p90 NEV2p90 NEV3p90 NEV4p90 NEV5p90 NEV6p90 NEV7p90;
run;
proc transpose data=stats out = tr_stats;
proc print data=tr_stats label; run;

proc neans data=Both mean stderr;
var Tot QCal D Tot QCaDD Tot QDevD Tot QRepD Tot QCl nD Tot QCl sD Tot QCDD Tot QD
NEV_Cal D NEV_CaDD NEV_DevD NEV_RepD NEV_CI nD NEV_CI sD NEV_CDD;
run;
proc univariate data=Both noprint;
var Tot QCal D Tot QCaDD Tot QDevD Tot QRepD Tot QCl nD Tot QCl sD Tot QCDD Tot QD
NEV_Cal D NEV_CaDD NEV_DevD NEV_RepD NEV_CI nD NEV_CI sD NEV_CDD;
out put out=stats
median = TQlmd T@2nmd T@nmd Tmd TEmd TQemd TQ/md TBnd
NEV1ind NEV2nd NEV3nd NEV4And NEV5nd NEV6nd NEV7nd
p9o = TQLp90 T@p90 TBp90 TAp90 TBp90 TQEBP90 TQ7p90 TBP90
NEV1p90 NEV2p90 NEV3p90 NEV4p90 NEV5p90 NEV6p90 NEV7p90;
run,
proc transpose data=stats out = tr_stats;
proc print data=tr_stats label; run;

proc univariate data=Bot h;
var CE;
run,

khkhkkhkdhkhkhkhkhhkhhkhhkhkhhkhkkhkkxx.

* Sensitivity analysis...;

khkkhkkhkkdkhkhkhkhkhhkhkhkhhkhkhhkhkhhkkxx-

* Qritted variables that are now constant: CadP CR1l drate;

proc gl m dat a=bot h;

nodel CE = cc CR2 UnHt M

Cinf ClnP ClsP CDp
SF1Ca SF2Ca SF1Re SF2Re SF1De SF2De
QCal m QCaDM QDevM QRepM QCI M QCl sM QCDM

run;
%rend summary;

* Set up dummy database with one record that can be read in to establish the;
* results data set.;

data dumy;
i nput foo $;
cards;
0

run; ’

%Si mul ate; run;
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